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tensity frontier
community

projections should not

motivated by the desire to explore what
0 in the area of precision EW physics with
oposed EIC machine parameters

What SHOULD be the parameters of the collider to make it
interesting for such precision tests and new physics?

-~ What would it take to get there in terms technology, cost
etfc. efc.....
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le measurement
inelastic scattering

cs at the EIC
SM reach

of EW Observables
ationship to Charged Current

wo specific applications to nucleon structure
o EMC effect
e Quark Helicity Distributions

» Preliminary Conclusions and Homework
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de, LFV physics is

ongoing at existing facilities (e.g.
also being looked at seriously for the
. J-PARC, Fermilab)

uon-to-electron conversion experiment is being
signed for Fermilab Project-X: The recent P5
report in the US gave mu2e at Fermilab the highest
near term priority in HEP

» Thus, it is interesting to see if EIC has a role to
play in this subfield
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DIS event, except

on replaced by tau lepton
On remnants, the tau

nucl. frag. e
~af
posted (10 to 50 GeV)

e incident electron direction, the
be isolated

2¥ case.

ook for single pion, three pions in a narrow cone, single muon:
should be able devise several good triggers

tau decay is self-analyzing: should study polarization
dependence

- tau vertex displaced 200 to 3000 microns: would greatly help
background rejection and maintain high efficiency if vertex
detector is included in EIC detector design
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Oy~ O, NIiveak _GpO? (g4°8y" +" gv°84s")
Gy+Gy A 4o
of sin?6, A,, ~107-0% to 107™*-Q?

s of kinematics and target nuclei probes different physics:

d 70s, goal was to show sin’0,, was the same as in neutrino scattering
arly 90s: target couplings carry novel information about hadronic structure
Now: precision measurements with carefully chosen kinematics can probe
physics at the multi-TeV scale
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for
eractions

es of “new physics”

~

G><fl A’s for all f f, combinations
and L,R combinations
2 j}"uf 2 b &

en, Lane and Peskin, PRL50 (1983)

s models give rise to non-zero A's at the TeV scale:
Heavy Z's, compositeness, extra dimensions...

oal of neutral current measurements at low energy AND colliders:
ccess A > 10 TeV for as many f,f, and L,R combinations as possible

PII, Tevatron access scales N’s ~ 10 TeV

e.g. Tevatron dilepton spectra, fermion pair production at LEPII

- LR combinations accessed are parity-conserving

LEPI, SLC, LEPII & HERA accessed some parity-violating combinations but
precision dominated by Z resonance measurements
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i -M Contact
consider X g 0 X —= : i
4 lnteraction

2 on resonance:

2
~ My A, imaginary = Ay

no interference! I

0(8)/8 ~ 0.1

.2
O (sif1 Oyy)
A ~ 10 TeV W<

"W < 0.01

Sin GW

pportunity for weak neutral current measurements at Q°<<M

rocesses with potential sensitivity:
- neutrino-nucleon deep inelastic scattering
- Atomic parity violation
- parity-violating electron scattering
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Qweak at
JLab

Se

Gr
4na f

weak

=2C,, +C,, x1-4sin>9, Data~ 2010

C,= 28;85/ Cy = ng/gj‘/

o(C,,) & (+Mgy + Nrr =M1 — Nix
0(C,,) (N + Mg — N1 + Mg

Will measure one combination

/ But elastic scattering cannot

determine C,’s precisely

We need Deep Inelastic
Scattering
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eV2 , W2 >> 4 GeV?

For a ’H target, assuming charge symmetry,
structure functions largely cancel in the ratio:

u,(x)+d (x) f

3
b(x)=ﬁ 2C,, -C,,) A e

SMALL

Must measure A,y to 0.5% fractional accuracy!

Feasible at 6 GeVatJlab ——>  [uminosity > 103%/cm?/s

well-suited for 11 GeV after the upgrade
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PV-DIS off the proton
(hydrogen target)

Very sensitive
to d(x)/u(x)

*Allows d/u measurement on a single proton, Vector quark current!

,Q? bins, EACH with 1% accuracy
gher twist effects at x ~ 0.5-0.6
ent of A, at x ~ 0.7 to search for CSV

Q2 range EIC
> 10 GeV... to 100

Deuterium target f
11GeV For JLAB:

Asymmetry Uncertainty (%) vs. x |

o
C 12—

Fractional errors shown

10

(solenoid) #s: ¢ »Simulation and design
: °°:6‘ o758 o development begun
su o gGev (solehoid) ®Letter of Intent targeted
pa9 P50 P for Jan 2009
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WHERE DO ELECTRONS AND

10°
5 GeV
4 900
f ;
0T w0 w0 T 0 0 g
ocrosen 16, 2008 AstiA DesseANDE 17
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systematics, keep lepton
cattering angle between 10 and

It (A%c) roughly flat vs (Q?
ents at different y for same x very useful
ranges: 10 to 100 GeV? & > 100 GeV? : y range

ssume a 100 fb! data set: Would much prefer to
have at least 3-4x1033 luminosity!

» Comment: 1033 lumi at 10 wks operation, 70%
detector, 70% machine uptime means ~5 fb-1/yr

- 50 fb-1 in 10 (10-wk)-years
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tics

qsq {100000000*rate*(gdcut&&qsq>10&&x>0.25)} | htem qsq {gsq'qsq’rate*(gdcut&&qsq>10&&abs(x-0.3)<0.05)} | htemp
7 Entries 21166 Entries 5566
Mean 44.37 S 2 Mean 1164
RMS 113.2 A O, RMS 802.9 |

10°

0.25<x<0.35

10°E

10
A N O SN AAA TN [ AN AN P S BN i 1 % e A e N o O [ N o [z

| | | | | |
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
qsq qsq

of events vs Q° (GeV?) figure of merit vs O (GeV?)

~ billion events at Q? ~ 10 GeV?

» ~ few hundred thousand events at ~ 200 GeV?
» figure of merit is roughly flat for fixed x
» Yy is virtually zero for small Q? sample
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ur preliminary conclusions:

A 100 fb-! data set with e-d collisions can provide sensitivity to
standard model EW couplings at an interesting level: one would have
to revisit this after LHC data and JLab 12 GeV measurements

A similar data set with e-p collisions would measure d/u precisely
and the combination of the two data sets would provide new limits

on charge symmetry violation at x = 0.6 and Q? = 300 GeV?
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Wi = W F}
Imy M my 1+mN(p-Q) 2
a B . .
yjmves | P4 F! +2q°8P gt — 4ap*SP gt
nselmino, Gambino 2(p ) q) mN
nd Kalinoski, hep-
h/9401264v2 pp,Sy + S;pr i S-q i S-q i
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q
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tions

quﬂm
EQ f(0)
polarized lelectron, unpolartzed hadron )

CrQ2 1 FY?  fly) Fy?
Apv = gfm[ oA FQ’]

unpolarized electron, polarized hadron )

)

gryz g’fz gv and ga are the electron vector-
] and axial-vector couplings

on Lab 12 GeV can begin exploration
igh luminosity EIC is a new opportunity

nough y range to separate vector and axial-vector couplings

§ Could go down in x as low as 0.01

S Electroweak g1 is complementary to electromagnetic gi: weights of up, down and strange
quark helicity distributions differently: could eliminate the need for input from Hyperon
decays for extracting strange quark helicity distributions!

S Effective polarization error might be significantly reduced: peculiarity of measuring parity-
violating asymmetries between relativistic particles

S All three asymmetries could be measured simultaneously
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ables

es and 3 target PV
asured (p, >He, 2H)

of W asymmetvries that can

ard model and the quark-parton
no physics beyond the standard

no novel QCD effects, these observables
an over-constrained set.

Is there a clever set of these observables that
optimizes sensitivity for testing QCD models as well
as TeV scale BSM models, and at the same time
reduce sensitivity to common systematic errors such
as beam polarization?
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ect of

rized electron-unpolarized
Apv precisely as a function of x

to a heavy nucleus for an e-A run
arized electron beam

er, DIS rate should be the same: measure Arv
self a ratio (weak to EM amplitude)

at would the ratio of ratios (deuterium to nucleus) look
like as a function of x?

= Measuring the EMC effect along a different isospin axis

- Major contributions to the radiative corrections would
cancel in the ratio of ratios

- Intriguing theory question: How is F_L(gamma-Z) related
F_L(gamma)? Perhaps F_L effects cancel?
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conversion possible at EIC kinematics
iciency and large background rejection

rtexing and 100 fb-! : ~10-10 sensitivity
ailed detector simulations (GEANT) needed...

ecision weak mixing angle measurement

- EIC with highest luminosity scenarios may allow
precision beyond anything conceived for next decade

- Several technical issues: _ e
Preliminary sensitivity

* Polarization flips figures exist (see previous
» longitudinal polarization stability EIC meetings) Devil is in
o luminosity fluctuations and monitoring  the Details
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ering at EIC

ed e-d collisions needed

d 12 GeV JLab program
agnified depending on LHC results and

clean (e.g. higher twist effects)

at experimental systematics needed!

olarization systematic suppressed to 0.1%? (Very

lenging)

optimized data set with polarized proton and He-3
* new parity-violating structure functions

» separation of quark helicity distributions from x = 0.01 to 0.5

e Critical for disentangling new physics in W asymmetries

- e-A with polarized electrons

* novel probe of EMC effect?
 different systematics? e.g. radiative corrections, F_L
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at EIC holds a
d to explore it

will push the luminosity &
uncertainty requirements to its

ut that is the fun in exploring
thing new....

With advice & input from MRM & KK, I hope we
can explore this: we will be initiating some of
the simulation studies in January 2009. jJoin us
if you are interested...
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